A feeding experiment was conducted to examine the effect of several ingredients incorporated in diets as binders on the growth, feed efficiency, and digestive enzymes'activities of fingerling Japanese flounder Paralichthys olivaceus. Carboxymethylcellulose (CMC), gelatinized potato starch (a-starch), and wheat gluten were separately incorporated in flounder diets as binders at the 5% level. These diets were fed to flounder with an initial mean weight of 15 g for 4 weeks at 20°C. Weight gain, feed efficien cy, and protein retention of the fish fed a diet containing CMC were significantly inferior to those of the fish fed diets containing a-starch or wheat gluten. Apparent digestibility of protein in the diet contain ing CMC was also significantly lower than the diet containing wheat gluten. After the 4-week feeding trial, proteolitic and lipolitic enzyme activities were measured with the homogenates of stomach or intes tine. Proteolitic enzymes' activities such as pepsin-like and trypsin-like were lower in the fish fed the diet containing CMC than those in the fish fed the diets containing a-starch or wheat gluten, and espe cially trypsin-like activities at 4 to 12 hours after feeding were significantly lower. These results suggest that a-starch and wheat gluten are suitable as binders for fingerling flounder diets compared with CMC because CMC inhibits the proteolitic enzymes' activities in digestive tracts.
Several kinds of materials are used as binders in fish diets to keep the form and to avoid running out of nutrients. Sodium carboxymethylcellulose (CMC) has been used as one of such binders in fish diets, especially in laboratory experimental diets. Several studies were con ducted on the role of CMC as a dietary fiber. Morita et al. reported that the supplementation of CMC to the diets con taining 10 to 30% dextrin improved the growth and feed efficiency of red sea bream Pagrus major and the optimum level of CMC in the diets increased with the increase of die tary dextrin level.1) Furuichi et al. demonstrated that this improvement by supplemented CMC was caused by the delayed absorptions of dextrin and protein in digestive tracts. 21 On the other hand, Shiau et al. reported that more than 6% supplementation of CMC in diets reduced the growth and feed efficiency of tilapia Oreochromis niloticus x O. aureus.3,4) They also observed that digestibili ty coefficients and gastric emptying times decreased as the level of CMC in the diets increased.
3) The reason for the discrepancies in these results has not been elucidated yet and no studies have been done of the effect of dietary CMC on digestive enzyme activity.
In the present study, we examined how CMC, gelatinized potato starch (a-starch), and wheat gluten in corporated in diets as binders affect the growth, feed efficiency, and in vitro activities of digestive enzymes such as pepsin-like in stomach and trypsin-like in intestine of fingerling Japanese flounder Paralichthys olivaceus.
Materials
and Methods
Experimental Diets
Formulations and proximate analyses of the test diets are shown in Table 1 . CMC, a-starch, and wheat gluten were individually used as binders in each diet at the 5% lev el. Other ingredients were almost identical in all diets ex- ceps with small scoops mounted on the tips. The feces were directly picked up with the forceps when they were found in the tanks and pooled by each tank for the analy. sis of apparent digestibility of dietary protein. After the 4-week feeding trial, the fish were starved for 3 days to completely empty the digestive tracts. Then, the fish were fed the test diets until satiation. At 2, 4, 8, and 12 h after the feeding, 3 fish from each tank were random. ly sacrificed by a blow to the head and stored at -80°C for the analyses of digestive enzymes' activities. 
Results
Growth and Feed Performances Weight gain of the fish fed a diet containing CMC was significantly lower (p<0.05) than the fish fed diets contain ing a-starch or wheat gluten (Table 2) . Feed efficiency sig nificantly increased (p<0.05) in the ascending order of CMC, a-starch, and wheat gluten. In contrast, food con- Fig. 1 sumption rate decreased in this order. Apparent digestibili ty of dietary protein also increased in this order and a sig nificant difference (p<0.05) was detected between the diets containing CMC and wheat gluten. No significant differences (p>0.05) were observed in the whole body composition among the treatments, though fat contents in the fish fed the diets containing a-starch or wheat gluten were higher than the fish fed the diet containing CMC. Pro tein retentions were significantly elevated (p<0.05) in the ascending order of CMC, a-starch, and wheat gluten. Energy retention of the fish fed the diet containing CMC was significantly lower (p <0.05) than the fish fed the diet containing wheat gluten.
Digestive Enzyme Activity Pepsin-like activities in the fish fed a diet containing CMC at 2 to 12 h after feeding the diet were lower than the fish fed diets containing a-starch or wheat gluten, however, significant differences were not detected (p>0.05) (Fig. 1) . Trypsin-like activities were significantly lower (p<0.05) at 4 to 12 h after feeding in the fish fed the diet containing CMC compared with the others (Fig. 2) . Li pase activities were rather low and did not vary significant ly (p>0.05) among the dietary treatment and the time after feeding (Fig. 3) .
Discussion
In this study, fish fed a diet containing CMC showed in ferior weight gain, feed efficiency, and protein digestibility and retention compared to the fish fed diets containing a starch or wheat gluten. Therefore, dietary CMC has proved to have negative effects on fingerling Japanese flounder just as observed by Shiau et al. in tilapia.3,4) However, the immediate causes of these two similar phenomena observed in flounder and tilapia seem to be quite different.
Shiau et al. reported that poorer performances of tilapia fed diets containing more than 6% level of CMC were due to the accelerated passage of the digesta from the stom ach.10) Similar poor performaannces were observed in channel catfish Ictalurus punctatus,10) rainbow trout Oncorhyn chus mykiss,11) tilapia Oreochromis mossambicus,12) and tilapia O.niloticus13) fed diets containing about 10% or more of cellulose. In addition, accelerated stomach pas sages were also observed in the rainbow trout fed diets con taining 10 or 20% of cellulose.11) In contrast, Morita et al. obtained positive effects of CMC in red sea bream fed diets containing 6, 9, and 12% of CMC when dietary dextrin lev els were 10, 20, and 30%, respectively." Furuichi et al. fur ther observed the delayed absorptions of the nutrients in the red sea bream fed the diets containing CMC, and pre sumed that the delay physiologically corresponded to the period for the effective metabolism of the nutrients as energy and/or protein sources.2) In their studies on red sea bream, supplemented CMC had replaced the same amount of cellulose in the diets.
As Hilton et al.11) and Bromley and Adkins14) noted in their reports, the presence of non-nutritive fillers including cellulose in fish diets accelerated the evacuation of food from the stomach.15-17) In contrast, water-soluble dietary fibers such as guar gum and pectin were reported to delay stomach passage in mammals18-21) due to the increased vis cosity of the test diets.22) CMC is also a water soluble dieta ry fiber, and is expected to increase the viscosity of the diets and to delay stomach passage in consequence. In tila pia, however, increased CMC in the diets adversely acceler ated the stomach passage.3) On the other hand, it could be understood that the stomach passages in the red sea bream fed the diets containing CMC were delayed judging from the delayed absorptions of the nutrients observed by Furuichi et al.2) Thus, the inferior performances in tilapia3> are supposed to be caused by the increase of CMC which might not satis factorily increase the viscosity of the diets for uncertain reasons and accelerated the stomach passages just like cel lulose. In contrast, the improved growth and feed perfor mances in red sea bream reported by Morita et al.') are sup posed to be caused both by the supplementation of CMC which increased the viscosity of the diets and delayed stomach passages as observed in mammals,22) and by the decrease of cellulose which accelerated stomach passages.
In the present study, weight gain and feed efficiency of Japanese flounder fed a diet containing CMC were inferior to those of the fish fed diets containing a-starch or wheat gluten as binders. Since wheat gluten and a-starch have some nutritional values as protein and/or energy sources, the nutritional value of diet 3 was slightly higher than diet 1. The nutritional values in diets I and 2 were the same be cause isoenergetical amount of dextrin was reduced for the supplemented a-starch in diet 2. Therefore, the superior performances of the fish fed diets 2 and 3 to diet 1 could not be attributed to the nutritional improvements of the diets judging from merely a 5% inclusion level of these materials. In addition, although no examination was con ducted on gastric evacuations in this study, the poorer per formances of flounder fed the diet containing CMC are not considered to be caused by the accelerated stomach passage because the total amount of CMC and cellulose in both diets 1 and 2 were almost the same (Table 1) .
We demonstrated in this study that in vitro proteolitic enzymes' activities of flounder, especially the . activity of trypsin-like in the intestine were decreased by dietary CMC. Considering the lower activities of in vitro experi ments in this study, the concentrations of the proteolitic en zymes in epithelial tissues of digestive tracts would be decreased by CMC, and CMC would inhibit the secretions and/or syntheses of proteolitic enzymes . Thus, it seems that the decreased enzymes' activities in flounder directly affected the protein digestion and caused reduced protein and energy retentions, and weight gain as a consequence. As Takii et al. examined on eel Anguilla japonica,23) fur ther examinations on the digestive enzyme activities in digesta would more clearly explain the relationship be tween the digestibility of protein and the activities of pro teolitic enzymes.
In tilapia, digestibilities of the diets per se were reported to slightly decrease as CMC in the diets increased .3) However, the digestibilities of the nutritive portions of the diets excluding CMC seem to be slightly improved. Similar phenomenon was observed by Hilton et al. in rainbow trout fed diets with graded levels of cellulose .11) Therefore, CMC in the tilapia diets was not considered to inhibit digestive enzymes' activities in contrast with Japanese flounder, but to adversely cause rapid absorptions of the nutrients by the accelerated stomach passages , and poorer performances in consequence. Thus, it would be conclud ed that CMC affected the performances in tilapia3) and red sea bream1) by changing stomach passage speed , and in fl ounder by inhibiting proteolitic enzyme activity. However, the factors of the different effects of dietary CMC on these three species could not be specified .
Lipase activities in the stomach and intestine of flounder were lower compared with those of the fish such as yellow tail Seriola quinqueradiata and eel reported by Morishita et al., using the same method as in this study for measur-ing the lipase activity.24) This finding would support the phenomena that the specific protein sparing effect by the supplementation of dietary oil to flounder diets was not ob served25) and that flounder did not accumulate much fat in muscles. 26) When nutritional values of some ingredients such as al ternative protein sources are evaluated by growth and feed efficiency as indexes, antinutritional factors derived from the other ingredients should be avvved. In the present study, CMC proved to be unsuitable as a binder for finger ling flounder diets because it inhibited proteolitic enzymes' activities and caused poorer growth and feed perfor mances. Accordingly, other binders such as wheat gluten and a-starch are recommended to be used in fingerling flounder diets for the nutritional studies.
